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磁场大小为 1.5 Oe，满足使用需要。按照 Quantum Design公司的综合物性测量
装置（PPMS）的多功能样品杆的底座尺寸进行设计制作，配合 PPMS 的 LabVIEW
驱动，实现了在 PPMS 系统里测量不同温度、磁场下的磁电性能。实际测试结果






































The magnetoelectric material is a kind of new functional material with 
magnetoelectric effect or inverse magnetoelectric effect. The magnetoelectric 
composite material has attracted wide attention and research because of its good 
magnetoelectric properties at room temperature. The layered magnetoelectric 
composite is the most promising research hotspot because of its simple composite 
method and good magnetoelectric properties. Most of the previous studies on 
magnetoelectric materials focus on how to improve the magnetic properties, magnetic 
materials for the device design research is relatively small. In this paper, the study of 
magnetoelectric properties, focusing on the development of magnetoelectric materials 
designed into the device, and to study its actual working conditions. In addition, based 
on the existing magnetic performance test system is relatively large, it is difficult to 
miniaturization of the development of the status quo, the design of a small test device. 
In this paper, Ni/PZT, Metal-glass/PZT magnetic composite materials were 
prepared by using Ni and amorphous as magnetostrictive materials, lead zirconate 
titanate (PZT) as piezoelectric material and 502 as binder. A set of sensor test 
platforms for testing the performance of magnetized samples prepared as speed 
sensors. In addition, compared with the traditional coil sensor, the magnetic sample 
speed sensor and coil sensor at different speeds, especially at low speed under the 
work of the situation. 
In this paper, we invent a measuring device of micro-dynamic magnetic effect of 
shielding coil, the main content is to change the previous electromagnetic shielding 
method, by shielding the electromagnetic coil, the effective shielding of the 
electromagnetic field generated by the electromagnetic field. It is also possible to 
increase the sample space from the shielded sample to the shielded coil. The device 
only need to shield the coil, test different samples do not need to be replaced every 
time, to simplify the operation of the purpose, it is not easy to damage the sample, is 

















a miniaturization, easy to embed the low temperature system of the dynamic method 
of magnetic effect test device. we designed a dynamic method to measure 
magnetoelectric effect by shielding coil according to Faraday's law of induction. 
Through the design of single flat coil and shielding coil, the micro test device can 
shield of the electric field effectively and expand the space of test sample. The actual 
test results shown that the test method can be very compatible with the PPMS system, 
as PPMS expansion function, we believe it will become a common method of 
magnetoelectric performance mesurement. 
 
Key words: magnetoelectric composite; speed sensor; micro-magnetoelectric test 




















第一章 绪论 ....................................................... 1 
1.1 磁电材料的发展概况 ................................................................................... 1 
1.1.1 单相磁电材料的发展.......................................................................... 1 
1.1.2 磁电复合材料的发展.......................................................................... 2 
1.2 磁电效应的测试技术 ................................................................................... 8 
1.2.1 静态法.................................................................................................. 8 
1.2.2 动态法.................................................................................................. 9 
1.2.3 其他方法............................................................................................ 10 
1.3 磁电材料作为器件的应用现状 ................................................................. 10 
1.3.1 磁传感器............................................................................................ 10 
1.3.2 磁电变压器与回转器........................................................................ 14 
1.3.3 微波器件............................................................................................ 16 
1.3.4 移相器及其他应用............................................................................ 17 
1.4 本论文的选题及研究意义 ......................................................................... 19 
第二章 实验原料与实验方案 ........................................ 21 
2.1 实验原料 ..................................................................................................... 21 
2.2 实验方案 ..................................................................................................... 22 
2.2.1 磁电材料作为转速传感器的设计方案............................................ 22 
2.2.2 小型磁电测试系统的设计方案 ................................................................ 22 
2.3 性能测试方法与仪器 ................................................................................. 23 
2.3.1 压电系数 d33 的测试 .................................................................................. 24 
2.3.2 磁电转换系数的测试 .................................................................................. 25 
2.3.3 PPMS 综合物性测量系统 ........................................................................... 26 
2.4 有限元仿真软件 ......................................................................................... 26 















- 2 - 
 
3.1 磁电复合材料的制备与性能表征 ............................................................. 28 
3.2 磁场有限元模拟与优化 ............................................................................. 29 
3.3 实验平台的搭建 ......................................................................................... 30 
3.4 实验结果与讨论 ......................................................................................... 31 
3.5 本章小结 ...................................................................................................... 34 
第四章 微型屏蔽线圈式的磁电效应测试方法 .......................... 36 
4.1 传统的磁电测试系统的屏蔽方式 .............................................................. 36 
4.2 测试装置的设计 ........................................................................................... 37 
4.2.1 工作原理............................................................................................ 37 
4.2.2 磁场仿真 ........................................................................................... 37 
4.2.3 机械设计与加工 ............................................................................... 38 
4.3 测试结果与讨论 ......................................................................................... 41 
4.4 本章小结 ..................................................................................................... 42 
第五章 结论 ...................................................... 44 
附录 1 非导电介质液位探针的设计与开发 ............................. 45 
参考文献 ......................................................... 52 
攻读硕士学位期间科研成果 ......................................... 67 


















- 3 - 
 
Contents 
Chapter 1 Introduction............................................................................1 
1.1 Development of magnetoelectric materials .........................................................1 
1.1.1 Development of single-phase magnetoelectric materials................................1 
1.1.2 Development of magnetoelectric composite materials ..................................2 
1.2 Test methods of magnetoelectriceffect ................................................................8 
1.2.1 Static method ..................................................................................................8 
1.2.2 Dynamic method ............................................................................................9 
1.2.3 Other methods ..............................................................................................10 
1.3 Application of magnetoelectric materials as adevice........................................10 
1.3.1 Magnetic sensor ............................................................................................10 
1.3.2 Magnetoelectric Transformers and Rotors ...................................................14 
1.3.3 Microwave equipment ..................................................................................16 
1.3.4 Phase shifter and other application................................................................17 
1.4 The topic of this paper and the significance of the study ................................19 
Chapter 2 Experimental Raw Materials and Experimental 
Solutions..................................................................................................21 
2.1 Experimental materials .......................................................................................21 
2.2 Experimental program....................................................................................... 21 
2.2.1 Magnetoelectric material as a speed sensor technology ..............................21 
2.2.2 a small magnetic test system of the technical program ................................22 
2.3 Performance testing technology..........................................................................23 
2.3.1 Determination of piezoelectric coefficient d33..............................................24 
2.3.2 Determination of magnetoelectric conversion coefficient............................25 
2.3.3 Physical Property Measurement System ......................................................26 















- 4 - 
 
Chapter 3 Application of Magnetoelectric Composite as Speed 
Sensor.......................................................................................................27 
3.1 Test of magnetoelectric effect..............................................................................27 
3.2 Software simulation analysis...............................................................................28 
3.3 Construction of the experimental platform.......................................................29 
3.4 Experimental results............................................................................................30 
3.5 Summary...............................................................................................................33 
Chapter 4 A Mini Dynamic Magnetoelectric Test Method by 
Shielding Coil..........................................................................................35 
4.1 Traditional shielding method of magnetic test system......................................35 
4.2 Test device design.................................................................................................36 
4.2.1 Working principle.........................................................................................24 
4.2.2 Magnetic field simulation......................... ....................................................24 
4.2.3 Mechanical design and processing ...............................................................25 
4.3 Test results and discussion..................................................................................40 
4.4 Summary...............................................................................................................41 
Chapter 5 Conclusions..........................................................................43 
Appendix 1 Design and development of non-conductive liquid level 
probe............... ................. ......................................................................44 
References................................................................................................51 






























































































































[33]等人通过 BaTiO3 粉末与 Ni（Co，Mn）Fe2O4,粉末外加少量 TiO2,烧

























2001 年，南策文教授[36, 37]等运用 Green 函数的方法，计算了超磁致伸缩相
Terfenol-D 颗粒与 P(VDF-TrFE)共聚物或 PZT-5A 陶瓷复合后的磁电性能，结果
显示 P(VDF-TrFE)共聚物和 Terfenol-D 虽然本身没有磁电效应，但两者的复合材
料却显示了磁电性，甚至高于铁氧体压电陶瓷体系的磁电性，因此称为巨磁电效
应（GME） [24]。2002 年，Nan [38]等人随即制备的磁电复合材料 Terfenol- 








[39-48]。一般用作压电相和铁磁相的成分如表 1.1 所示， 


























圆周方向，如图 1.2 所示。 
 
图 1.2 层状磁电复合材料常见的叠层结构[10] 
2001 年，Ryu 等人提出了一种利用导电的银胶将压电相 PZT 薄片粘贴于厚
度 1mm 的两个圆薄片铁磁相 Terfenol-D 的中间，其结构如图 1.3 所示。在室温
环境下，亥姆霍兹线圈在频率 1kHz 下提供一个微扰磁场，结果厚度 0.5mm 的
PZT 和两铁磁相的磁电层状复合材料的磁电系数达到了最高 4.68V/cm•Oe，是之
前 Philips 报道的最高值（130mV/cm•Oe）的 36 倍。 
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